Abstract: Chronic osteomyelitis is a challenging condition to treat. It is seen mostly after open fractures or in implant-related infections following treatment of fractures and prosthetic joint replacements. Recurrence of infection is well known, and successful treatment requires a multidisciplinary team approach with surgical debridement and appropriate antimicrobial therapy as the cornerstone of treatment. Staging of the disease and identification of the causative microorganism is essential before initiation of treatment. Important surgical steps include radical debridement of necrotic and devitalized tissue, removal of implants, management of resultant dead space, soft-tissue coverage, and skeletal stabilization or management of skeletal defects. The route of administration and duration of antimicrobial therapy continues to be debated. The role of biofilm is now clearly established in the chronicity of bone infection, and newer modalities are being developed to address various issues related to biofilm formation. The present review addresses various aspects of chronic osteomyelitis of long bones seen in adults, with a review of recent developments.
Introduction
Chronic osteomyelitis is defined as long-standing infection of the bone characterized by persistence of microorganisms, presence of sequestrum, low-grade inflammation, and fistulae. 1 It continues to be a challenge for orthopedic surgeons, as it is common after severe open fractures with gross contamination and compromised soft tissues, as well as following internal fixation of fractures and prosthetic joint-replacement surgery.
Its impact on function and mobility has been widely noted, particularly in the young productive patient population. The prolonged treatment involved affects ambulatory status, functional mobility, and independence. Staged surgeries, prolonged hospital stay, and antibiotic therapy involve high costs and loss of productivity.
spread may follow treatment of open fracture, internal fixation of fractures, or prosthetic replacements.
Following infection of the bone, the inflammatory process causes obliteration and compression of the vascular channels. If the infection is not treated promptly, part of the bone undergoes necrosis, resulting in the formation of a sequestrum. Damage to the bone is also caused by cytokines like IL-1 and TNF, present at the site of infection. The surface of the sequestrum or implants provides a base for formation of the biofilm, made up of polysaccharide polymers that form a fibrous matrix around the host cells and bacteria. 8 Inflammatory cells lead to further destruction of bone, and microorganisms propagate within the destroyed bone. With progress of the disease, new bone is formed around the sequestrum from the intact periosteum and endosteum, and is referred to as involucrum. The involucrum is perforated by openings known as cloacae.
A number of factors are responsible for chronicity of bone infection. The presence of sequestra, as well as foreign bodies like metal implants, contributes to the chronicity of infection, together with factors related to the pathogenic microorganism and the host.
Some bacteria have the ability to remain intracellular and hence not susceptible to routinely used antibiotics. Others produce a protective biofilm glycocalyx and also maintain a low metabolic rate. Host factors that impact on the outcome have been identified as obesity, smoking, and the presence of diabetes and peripheral vascular disease. 9 The role of biofilm in orthopedic infections particularly related to the use of implants and prosthesis is now established, and has been the subject of numerous reviews. [10] [11] [12] Briefly, biofilms develop on inert surfaces like implants or dead tissue like sequestra of bone. These develop in steps consisting of adhesion of microbe to the surface followed by multiplication. Later, an organized structure develops with high density of microorganisms surrounded by matrix. The last stage involves maturation of the biofilm. Some of the microorganisms are more virulent, causing further tissue destruction. In the depth of the biofilm, with limited access to oxygen and nutrients, microorganisms are inactive and form the persisters. Some biofilms also release planktonic microbes from the surface, which are capable of forming new biofilms. Microorganisms in the impervious biofilm are protected from the host's immune defenses like antibodies and phagocytosis, as well as administered antibiotics. Additional factors that decrease the susceptibility of bacteria in biofilms include a slow rate of growth, heterogeneity within the biofilm, quorum sensing, and induction of biofilm phenotype.
10-12

Microbiology
Staphylococcus aureus is the most common microorganism isolated in up to two-thirds cases of chronic osteomyelitis in adults. This is followed by Enterococcus spp., Streptococcus spp., Pseudomonas aeruginosa, and Enterobacter spp. In some case Mycobacterium spp., anaerobes, and fungi have been reported. 9, [13] [14] [15] [16] [17] Multiple organisms are involved when osteomyelitis follows contiguous spread. As many as 30% of cases were noted to have polymicrobial infection in a large series. 17 Recent challenges have been infection with methicillin-resistant S. aureus and multidrug-resistant organisms. Chronic osteomyelitis due to P. aeruginosa has a twofold-increased chance of recurrence compared to S. aureus.
6
Diagnosis
Clinical features
There are no specific symptoms or signs of chronic osteomyelitis. The varied symptoms may include chronic pain, persistent discharge from a wound, presence of sinus tracts, and malaise. It may also present as a recurrent condition with periods of quiescence. 1 During exacerbation of infection, the patient may report fever and increasing pain at the affected site.
Certain features like persistent sinus tracts (Figure 1 ), exposed bone, chronic wound over a fracture site or surgical 
73
Management of chronic osteomyelitis implant (Figure 2) , and tissue necrosis overlying bone should raise a suspicion of chronic osteomyelitis. This should be supported by laboratory and imaging studies, though a definitive diagnosis can only be made after bone biopsy and bacterial culture. 18 
Classification
Waldvogel et al classified osteomyelitis based on the presumed mechanism of infection into hematogenous or direct inoculation of bacteria into bone from contiguous soft-tissue infection or a chronic open wound. 19 This classification is of limited use in clinical practice, as it does not help in any decision making for treatment and prognosis.
A widely used classification system for osteomyelitis was proposed by Cierny et al. 20 This takes in to consideration the extent of bone involvement (Table 1) , the physiologic class of the patient (Table 2) , and systemic and local factors affecting immune-system response, metabolism, and local vascularity (Table 3) . It has been shown to correlate with treatment and prognosis. 21, 22 Specific host factors, such as the presence of diabetes and chronic granulomatous diseases, etc may predispose an individual to develop osteomyelitis, while other factors are important for the containment of infection and its eradication once introduced. 15 imaging Imaging studies are vital for the diagnosis and assessment of the extent of disease in chronic osteomyelitis. Accurate diagnosis will require a combination of various techniques. The treating clinician should be aware of the information each modality can provide, together with its limitations. 23 Plain radiographs remain the first imaging modality, and can show the extent of bone involvement. Changes of periostitis/osteitis suggesting contamination of these tissues can be seen. Sequestrum, representing necrotic bone surrounded by infected granulation tissue and involucrum, the layer of new bone formed about the sequestrum, can also be noted on plain radiographs.
In chronic osteomyelitis, ultrasound imaging is helpful in localizing soft-tissue abscesses. In the presence of metal implants, ultrasound may offer useful information compared to computed tomography (CT) or magnetic resonance imaging (MRI). CT offers multiplanar imaging, demonstrating clear changes in the bone seen in chronic osteomyelitis like extent of cortical involvement, encroachment of medullary canal, and chronic discharging sinus. 
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It is particularly helpful in detecting sequestra that may be masked by surrounding osseous changes seen on plain radiographs. It can also help in guiding aspiration and biopsy to obtain samples for identification of the causative organism. MRI is helpful in the assessment of extent and activity of the disease, as well as vascularity and viability of the tissues ( Figure 3 ). All of these factors are critical in making treatment decisions. The presence of metal implants may produce artifacts in MRI, which can affect the image quality.
Nuclear medicine imaging is more useful in cases with acute osteomyelitis compared to chronic osteomyelitis. Bone scintigraphy and leukocyte scintigraphy have been extensively used in the imaging of chronic osteomyelitis. Positron-emission tomography has higher accuracy in confirming or ruling out chronic osteomyelitis compared to bone scintigraphy or MRI. 24 Sinography is a technique where contrast material is injected into the sinus opening to ascertain the course and extent of the sinus and its communication with deeper tissues. At surgery, complete excision of the sinus is an essential step. Additional information can be obtained when sinography is performed with CT.
In a systematic review and meta-analysis, Termaat et al found positron-emission tomography to be most sensitive (96%) and specific (91%) for the diagnosis of chronic osteomyelitis. The sensitivity and specificity of other modalities were 83% and 62% for MRI and 82% and 25% for scintigraphy, respectively. The sensitivity and specificity of combined bone and leukocyte scintigraphy was higher than that for individual modalities. 25 
Laboratory workup and microbiology
All patients with suspected osteomyelitis should have a complete blood count and markers of infection done. The white cell count may be normal in most cases. C-reactive protein and erythrocyte sedimentation rate are nonspecific, but are used to monitor response to treatment. In addition, renal function and blood glucose should be tested and nutritional status of the patient assessed using albumin and prealbumin. 26 Samples must be obtained for Gram staining and culture and sensitivity to identify the causative organism. Samples from deeper tissue and bone biopsy are preferred over swabs. Multiple tissue samples should be collected from deep-wound surfaces like loculated collection, reactive granulations, and foreign bodies. 27 The tissue samples should be subjected to anaerobic, aerobic, fungal, and mycobacterial culture in all cases.
Cultures obtained from sinus tracts are not reliable, and the absence of growth of microorganisms from tissue obtained by needle biopsy does not rule out chronic osteomyelitis. 28 Low-virulence organisms may have to be subjected to prolonged incubation and culture. In certain cases, advanced techniques like polymerase chain-reaction DNA pyrosequencing may be used. 
27,29
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Treatment
For evaluation of results of treatment of chronic osteomyelitis, a number of variables have to be taken into account. These would include the pathogenesis, stage of disease, causative microorganism, surgical procedure performed, and various host factors. There is a lack of comparative studies, and the published studies are heterogeneous. There is also a lack of uniformity in case selection and treatment given, as well as outcome measures used.
14 With the diverse issues to be addressed in the management of chronic osteomyelitis, it is clear that a multidisciplinary effort is needed for successful treatment. The team should consist of surgeons (orthopedic and reconstructive surgery), an infectious disease specialist, a specialist to advise on nutrition, and a psychologist if needed. Salvana et al reported on their 7-year experience of treating 82 cases with a multidisciplinary bone-infection team. Infection was cured in 81 cases, and limb salvage was possible in 77 of 82 cases. 30 The goal of treatment in chronic osteomyelitis is complete eradication of infection while preserving the soft-tissue envelope, healing of bone segment, and preservation of limb length and function. The treatment plan has to be individualized after assessing the extent of disease, microbiological study, and optimizing the patient's physiological status.
Antibiotic therapy
For the successful treatment of chronic osteomyelitis and eradication of infection, a properly designed antibiotictherapy regimen is vital. This should be based on the identification of the infective organism and its susceptibility. In this regard, knowledge of the spectrum of action of the antibiotic and its route of administration to achieve adequate levels in the bone is important.
The challenges for successful antibiotic therapy are the presence of devitalized, avascular tissue, biofilm formation, and the chemical environment at the site of infection. Some infective organisms in chronic osteomyelitis may be slow-replicating and thus less susceptible to certain groups of antibiotics.
The route of administration of the antibiotic is less important if the desired concentration can be achieved at the site of infection. Some of the antibiotics have good oral bioavailability, and can be given either orally or by an intravenous route (fluoroquinolones, linezolid); 31 for others, parenteral therapy provides higher serum levels (cephalosporins), while some are only available for use in parenteral form (carbapenems, broad-spectrum cephalosporins, vancomycin, and aminoglycosides). 32 Effective treatment of chronic osteomyelitis requires prolonged antimicrobial therapy. Oral therapy is simple, economical, more convenient for patients, and avoids risks associated with use of intravenous access. Patients requiring long-term intravenous access should be considered for peripherally inserted central catheters.
Mackintosh et al reported an overall success rate of 86% using outpatient parenteral antibiotic therapy (OPAT) for bone and joint infection. In subgroups, it was 72% for diabetic foot or stump infection compared to 100% for implantrelated infection. The factors associated with poor outcome were older age, methicillin-resistant S. aureus infection, and diabetic foot infection. 33 A similar experience was reported with OPAT by Tice et al who found diabetes and peripheral 
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Pande vascular disease to be factors associated with recurrence. 34 Lai et al successfully treated 333 patients with OPAT (393 courses), of which 40% had osteomyelitis. Hospital readmission for serious line-related complication was noted in only six (1.5%) episodes. 35 A review of studies on antibiotic therapy for osteomyelitis published between 1968 and 2000 concluded that there is inadequate evidence to recommend the best agent, route of administration, or duration of therapy.
14 The most controversial issue concerning the treatment of chronic osteomyelitis is the duration of antibiotic therapy. The standard recommendation of use of antibiotics for 4-6 weeks is based on animal studies on time taken for revascularization of bone. Haider et al reviewed studies reporting use of shorter courses of antibiotics, and proposed their use particularly in cases where aggressive surgical debridement and procedures like a vascularized flap are performed to restore vascularity. 36 Calhoun and Manring suggested the duration of antibiotic use be based on the Cierny-Mader stage of the disease. In stages I and II, a shorter course of antibiotics for 2 weeks may be adequate in conjunction with surgery. Stages III and IV may need antibiotics for 4-6 weeks, as even after adequate debridement the tissue bed may still be contaminated. 15 Spellberg and Lipsky reviewed publications from 1970 to 2011 related to the use of antibiotics in chronic osteomyelitis. The important conclusions from their review were 1) oral antibiotic therapy with agents that have high bioavailability is comparable with parenteral therapy, 2) improved cure rates with addition of rifampicin, 3) the duration of antibiotic therapy should be individualized based on clinical, hematological, and radiological response, and patients should be monitored after completion of therapy, and 4) the cure rate of chronic osteomyelitis is increased with surgical resection of infected and devitalized tissue in conjunction with antibiotic therapy. 37 The use of various antimicrobial agents with their susceptibility profile and dosage regimen have been reviewed by a number of authors.
14,32,37-40 The use of local antibiotic therapy has increased the options in successful management of chronic infection. The initial experience of local delivery of antibiotics was reported by Buchholz and Engelbrecht, with antibiotics mixed with cement providing higher antibiotic concentrations over a longer period of time in the setting of joint arthroplasty. 41 It was later used for patients with open fractures and the treatment of chronic osteomyelitis. Klemm reported a cure rate of 91.4% using gentamicin-impregnated beads for dead-space management after debridement of infected bone. 42 Local antibiotic therapy using antibiotic-impregnated cement beads helps in the management of dead space, delivering a high concentration of antibiotics locally, 43 and it reduces the risk of parenteral antibiotic therapy together with its cost. While second surgery is needed for removal of the beads, the use of biodegradable agents obviates the need for this. Kluin et al reviewed the role of different biodegradable and nonbiodegradable antibiotic-delivery devices used in osteomyelitis. 44 The most widely used substrate for delivery of local antibiotic has been polymethyl methacrylate cement (PMMA). The antibiotic to be used with PMMA has to be heat-stable and hydrophilic. The most commonly used antibiotics are gentamicin, tobramycin, and vancomycin. The broad spectrum of action, bactericidal properties, and heat stability make gentamicin an ideal additive with PMMA; 45 however, it is most effective against Gram-negative bacteria only.
In a study comparing debridement versus debridement and antibiotic-loaded bioabsorbable pellets, no difference in the healing rates was noted, except in a subgroup of patients with medullary osteomyelitis with a normal immune system. 46 Recently, Ikpeme et al reported better results following surgical debridement with a local antibiotic-delivery system (PMMA beads and blocks and antibiotic irrigation and drainage group) compared with debridement and sequestrectomy. 47 A useful option for chronic osteomyelitis with largebone defect is the Masquelet or the induced membrane technique. Placement of a PMMA spacer in the defect leads to the formation of a membrane that is very vascular and secretes growth factors. In the second stage, the removal of the PMMA spacer is followed by cancellous bone grafting or bone transport. 48, 49 Other substrates include protein-based materials, bonegraft substitutes, synthetic polymer, and metal. The last two are not yet commercially available or widely used. 50 Gitelis and Brebach reported successful outcomes with the use of biodegradable antibiotic-impregnated implant. 51 In a prospective randomized trial, McKee et al compared antibiotic-impregnated cement beads versus bioabsorbable bone substitute in the treatment of chronic osteomyelitis and infected nonunion. The infection was eradicated in 86% of cases in both groups, but patients in the former group needed more reoperations. 52 Recently, Ferguson et al reported resolution of infection in 98% of cases (n=195) with a recurrence rate of 9.2% with the use of biodegradable calcium sulfate containing tobramycin. Prolonged ooze from the wound was noted in 15 
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Management of chronic osteomyelitis cases, but was seen to be self-limiting and not associated with recurrence. 53 
Surgery
The essential steps of surgical management of chronic osteomyelitis include adequate debridement, management of dead space, soft-tissue coverage, skeletal stabilization, and treatment of skeletal defects.
Surgical debridement
The cornerstone of successful treatment of chronic osteomyelitis is aggressive surgical debridement of infected and devitalized tissue, removal of foreign material, reconstruction of soft tissue and bone defects, and appropriate antimicrobial therapy. 26 Most authors recommend wide excision with clear vascular margins and adequate soft-tissue cover for the treatment of chronic osteomyelitis, as inadequate debridement is associated with higher chances of recurrence. 13, 27, 29, 54, 55 In a prospective study, 100% cure rates were noted after wide excision, while 100% recurrence rates were seen after local debulking. Furthermore, a 28% recurrence rate was seen if the margin of resection was less than 5 mm, particularly in type B hosts (Tables 2 and 3) . 56 There is slight variation in the approach to patients with infections associated with prosthetic implants and those associated with fracture fixation. Tafer et al presented an excellent review of the management of periprosthetic joint infection with approaches to deal with the implant. 40 Healing of fracture is the primary aim with the use of internal fixation devices. Therefore, complete eradication of infection is not always necessary, and if the fixation is stable, the infected implant can be removed after healing of the fracture with treatment of residual infection (Figure 4) . 57 If there is failure of fixation in the presence of infection, implant removal should be done, followed by approaches discussed in this review.
Dead-space management
The dead space created after debridement should be managed properly while the infection is being treated. Various options available include mobilization of local muscle, rotational muscle flap, or a free-muscle flap.
The choice of flap or microvascular procedure depends on the size of defect. For smaller defects with soft-tissue loss, fasciocutaneous free flaps are recommended to reduce morbidity from the donor site. When faced with a large dead space, a free-muscle flap is preferable, while in cases with major bone loss, a free vascularized bone graft can be used, or composite grafts including bone, muscle, and/or skin can be used. 58 Vacuum-assisted closure is useful in managing dead space in stages 2, 3, and 4. In a study comparing its efficacy with conventional management of wounds, there was a significant reduction in recurrence of infection and need for plastic surgical procedure. 59 A time-honored method for management of dead space is the use of antibiotic-impregnated PMMA. This can be used in the form of beads or blocks. The PMMA beads can be used both with an open or closed soft-tissue envelope. They can be retained longer if soft-tissue closure is possible. Their use necessitates second surgery for removal. The surgeon has an option of using commercially available beads or making their own beads by mixing PMMA with heatstable antibiotics mentioned earlier. The advantage of using antibiotic-impregnated PMMA blocks is that it augments local skeletal stability while maintaining length and space for later reconstructive procedures. Compared to the beads, there is less soft-tissue ingrowth. 60 
Soft-tissue coverage
To offer a well-vascularized soft-tissue envelope, microvascular free-muscle transfer is considered the gold standard. Other options include rotational muscle flaps. The timing of vascularized microsurgical procedure varies with the protocol planned. Doi et al 61 and Rhomberg et al 62 reported successful outcomes following a single-stage procedure, while Dinh et al 63 advocated a two-stage procedure.
Skeletal stabilization and management of skeletal defects
Skeletal stabilization is needed for all stage 4 and some stage 3 lesions following excision of the devitalized bone. The preferred method of skeletal stabilization is external fixation. In some cases, it may be possible to convert this into internal fixation after control of infection. Paley and Herzenberg introduced the option of antibiotic bone cementimpregnated intramedullary nails to achieve stability and local delivery of antibiotics. 64 Generally, defects less than 6 cm can be bridged by autogenous bone grafts such as a corticocancellous iliac crest. Larger defects are best bridged by distraction osteogenesis using an Ilizarov ring fixator or vascularized bone graft typically taken from the fibula.
For the management of bone defects, Ilizarov ring fixation with distraction osteogenesis has also been used, with Marsh et al reporting a 100% cure rate at 1-year follow-up. This technique is time-consuming, and needs meticulous care during the course of treatment. The vascularized bone graft offers certain advantages, including providing autogenous corticocancellous grafts with intact blood supply. The process of their incorporation is different from avascular grafts, such that there is no necrosis or resorption. The mass, architecture, and biomechanical strength of the vascularized graft is maintained, and they also have ability to hypertrophy. 61 These can be obtained from the fibula, iliac crest, and ribs and transferred with skin, fascia, and muscle to fill soft-tissue defects. The success rate of vascularized fibular grafts has been reported to be between 77% and 90%. 63, [66] [67] [68] Complications with the use of vascularized bone grafts include failure of the anastomosis, fracture of the graft, and donor-site morbidity.
Typically, stage 1 infection is treated with intramedullary reaming and curettage. Primary closure is possible with limited dead space. In stage 2, infections can be managed by soft-tissue debridement and curettage of the involved cortex. Larger defects may need soft-tissue coverage, done either as a single-or two-stage procedure. 20 In stage 3, the essential surgical steps include debridement of soft tissue and cortex, excision of the sequestrum, and decompression of the medullary canal. This process is also referred to as "saucerization". 20 Additional procedures of soft-tissue defect and bone may be required based on the extent of involvement. Multiple staged procedures are most often needed for stage 4 infection to address osseous defect and stability. Various options are available for the management of segmental bone loss discussed earlier.
Certain named techniques have been proposed by their authors. In the Papineau technique, radical debridement is followed by bone grafting in stages and delayed soft-tissue closure, with the wound allowed to granulate naturally or with skin grafting. Stage 3 infections are best suited for this technique, as bone grafts do not provide the necessary stability. 69 The Belfast technique, proposed by McNally et al, is a staged procedure involving radical debridement with early soft-tissue cover for elimination of dead space followed by delayed bone grafting. The authors reported a cure rate of 92% with this technique. 70 The Lautenbach technique, which was first described for infected total hip arthroplasty, has been used successfully for the management of chronic osteomyelitis. It is useful for cases with persistent infection after debridement and parenteral or oral antibiotic therapy. Using a closed irrigation system, antibiotics are delivered locally, and it is possible to obtain frequent samples for culture. Hashmi et al reported a series of 17 cases treated by this method with only one recurrence, which resolved after repeat treatment. 71 Gokalp et al reported cures in 29 of 30 patients with chronic osteomyelitis treated by gutter creation in the affected bone with muscle-flap transposition. 72 
Adjunctive therapies
As discussed previously, chronic osteomyelitis is associated with impairment of local vascularity and destruction of bone. Various adjunctive therapies have been used in patients 
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Management of chronic osteomyelitis with a view to improving blood supply, tissue perfusion, and osteogenesis, the most tested of these being hyperbaric oxygen therapy.
Hyperbaric oxygen therapy can help in the management of chronic osteomyelitis by providing oxygen at high concentration and pressure in diseased tissues that are known to be hypoxic. It also improves the bactericidal ability of the neutrophils, and helps neutralize collagen synthesis and osteogenesis. Other proposed mechanisms for its efficacy are inducing angiogenesis, suppressing anaerobic organisms, enhancing antibiotic activity, and promoting oxygendependent osteoclastic resorption of necrotic bone. 73, 74 Chen et al 75 and Chen et al 76 have reported on successful treatment of chronic osteomyelitis using hyperbaric oxygen therapy. Skeik et al retrospectively reviewed 118 patients where hyperbaric oxygen was used for different indications. In 82.6% of 23 cases of chronic refractory osteomyelitis, successful outcomes were noted. 77 There is a lack of guidelines for use as well as high-quality clinical trials for hyperbaric oxygen in chronic osteomyelitis. The available literature however suggests great potential for this modality. Its use is limited by the cost, availability, and the risks involved, however. 73, 78 In animal models, gene therapy and use of growth factors like bone morphogenic protein has been shown to accelerate osteogenesis and bone healing. Similarly, pulsed electromagnetic fields, ultrasound, and platelet-rich plasma have been used to promote bone and soft-tissue healing. 78 The most promising development in this field is the understanding of the genetic and molecular biology of bacterial biofilm. The formation of biofilm is an important pathogenic factor for bacterial resistance and persistence of infection in chronic osteomyelitis. Based on the understanding of cell-tocell signaling between bacteria, which helps them to organize into a biofilm, efforts are being made to prevent biofilm formation by inhibiting signals. 79 The alternative strategies resulting from our understanding of the role of biofilm in chronic infection include quorum-sensing inhibitors (mentioned earlier), bacteriophages, interspecies interaction, biofilm disruptors (sonication), and specific antibiofilm molecules. 10, 12 In relation to orthopedic implants, suggested strategies for biofilm infections include the use of microporous calcium phosphate for local delivery of antimicrobial peptides, 80 embedding of antimicrobial substances in nanoceramics, 81 and surface modification of implants to reduce S. aureus attachment and biofilm formation. 82 Harro et al presented a review of the history and development of bacterial vaccines with the challenges in developing a vaccine for clinical use. 83 In a rat model of osteomyelitis, vaccination against S. aureus has been noted to induce reductions in bacterial load and bone morphological changes. 84 Bioactive glass works by interfering with production of biofilm. Drago et al have confirmed the efficacy of bioactive glass both in vitro and in vivo for the treatment of chronic osteomyelitis, particularly with multiresistant strains and immunocompromised hosts. 85 In another comparative study by the same group, similar eradication of infection was noted with the use of bioactive glass without antibiotics compared with two different antibiotic-loaded bone substitutes. 86 
Conclusion
Management of chronic osteomyelitis is challenging and prolonged, due to the nature of surgical procedures and antimicrobial therapy needed. While a number of options for surgical reconstruction and delivery of appropriate antibiotics are available, proper staging and identification of causative organism remains vital to the success of treatment. Newer treatment modalities are being developed to address the role of biofilm in chronic osteomyelitis.
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